Studies of charm and beauty production in ep collisions with a center-of-mass energy of 318 GeV are reported from the two HERA collaborations, H1 and ZEUS. The analyses make use of both the HERA-I data sample recorded between 1996 and 2000 and a sample from HERA-II, which started in 2003. The cross sections measured by both H1 and ZEUS experiments are compared with next-to-leading order QCD calculations. The measurement of the charm and beauty contributions to the proton structure function is also presented. The comparison to next-to-next-to-leading order (NNLO) calculations shows agreement within the errors.
Introduction
Heavy quark production processes provide a powerful insight into the understanding of Quantum Chromodynamics. The large mass of the heavy quark makes the perturbative calculations reliable, even for total cross sections, by cutting off infrared singularities and by setting a large scale at which the strong coupling can be evaluated. At HERA heavy flavour production is possible both in photoproduction and deep inelastic scattering (DIS) reactions, the latter having dramatically smaller cross sections. While in photoproduction the photon virtuality Q 2 is very small (Q 2 ∼ 0), and the photon is almost real, in DIS Q 2 can reach values much higher than the squared quark mass m 2 q . In direct-photoproduction processes the quasi-real photon enters directly in the hard interaction whilst in resolved-photoproduction processes the photon acts as a source of partons that take part in the hard interaction. The dominant process for heavy quark production in DIS and in direct photoproduction in epcollisions at HERA is the boson-gluon fusion (BGF) mechanism, γg → QQ. At leading order (LO), the BGF process is directly sensitive to the gluon content of the proton. In resolved photoproduction it is necessary to also consider quark excitation diagrams, Qg → Qg, where the heavy quarks originate from the photon, and the gluon-gluon fusion, gg → QQ. In photoproduction both the direct and the resolved components contribute to heavy quark production. Calculation tools are available up to next-to-leading order (α 2 s , N LO) in the form of Monte Carlo integration programs 1,2 . They use the massive scheme 3 in which u, d and s are the only active flavours in the proton, and charm and beauty are dynamically produced in the hard scatter. In another (massless) approach, beauty and charm are treated as massless and included in the PDFs. The HERA measurements shown here are compared to massive and massless NLO QCD predictions. 
Details of the heavy quark production process were investigated by studying events with a jet not containing the D * meson (D * + jet). In Fig.  1 (left) the measured differential cross section as a function of the transverse momentum of the D * , p T (D * ), is compared to NLO calculations based on the massive scheme 6,7 (FMNR) and a general-mass variable-flavour-number scheme 8,9 (GMVFNS). The cross section falls steeply with increasing p T (D * ) as predicted by all calculations. In Fig. 1(right) 2(left). The differential cross section in Q 2 is compared to the previous HERA-I result 13 . Good agreement is seen for the entire Q 2 range over which the differential cross section falls by about four orders of magnitude. The cross section is reasonably well described by the NLO calculation which use the ZEUS NLO QCD fit. In (Fig. 2) (left) also shown are the ZEUS results on the D * cross section in the range 0.05 < Q 2 < 0.7 GeV 2 14 . The beampipe calorimeter of ZEUS was used for the measurement of the scattered lepton, which allows the first measurement of the transition region between photoproduction and DIS. The NLO calculations describe well also this region. dσ/dp T b (pb/GeV) dσ/dp T (ep→ebX) dσ/dp jet. Taking into account the theoretical uncertainties, the beauty cross sections are consistent both in normalisation and shape with a perturbative QCD calculation to next-to-leading order.
In Fig. 2 (right) a summary of the beauty cross section measurements from both H1 and ZEUS Figure 3: Differential charm and beauty PHP cross sections dσ/dp jet1 t for the process ep → e(cc or bb)X → ejjX. The solid lines indicate the prediction from NLO QCD, corrected for hadronization effects, and the shaded band shows the estimated uncertainty. The abolute predictions from PYTHIA and CASCADE are also shown.
collaborations using different tagging methods is reported. At low transverse momentum values, the data tends to be slightly above the NLO QCD predictions. In this region the cross sections are extacted using double tagging techniques which allow to lower the kinematic threshold due to lower background. HERA II data will be needed to improve the cross section determination in the low-and high-p T region.
Measurements of the charm and beauty contributions to the inclusive structure function F 2 have been performed recently at HERA. The measurement of F cc 2 and F bb 2 has been done in a kinematic region where the extrapolation needed to correct for the full phase space is as small as possible. In Fig. 4 (left) a summary of the F cc 2 measurements as a function of Q 2 for different x values is shown. The measurement of F bb 2 has been performed by ZEUS for the first time. In Fig. 4 (right) F bb 2 measured by the two experiments are compared with theoretical predictions, based on fixed-flavour and variable-flavour number schemes; a first NNLO calculation is also reported in the figure. The measurements from the two experiments are compatible within the errors and in agreement with the theory. 
Summary
Recent results on beauty and charm production in ep collisions have been presented. The NLO QCD predictions describe well the charm data in a large range of Q 2 , including the transition region between PHP and DIS. The beauty data agree with the NLO predictions at high-p T whilst at low-p T there is a tendency of the data to be slightly above the central NLO predictions. The latest measurements of the F cc 2 and F bb 2 have been reported.
